Abstract.-The complete nucleotide sequence of wheat germ phenylalanine transfer RNA (tRNAPhe) is presented. This RNA, which is an acceptable substrate for yeast phenylalanine tRNA synthetase, has a structure very similar to that of yeast tRNAPhe. Only 16 of the 76 nucleotides are different, and all but two of the nucleotide changes are located in regions that are doublestranded in the cloverleaf model. The two changes in single-stranded regions involve minor modifications of the same nucleotide. The dihydrouridine loop and its supporting stem are completely free of nucleotide changes.
The nucleotide sequences of a number of tRNA's have been elucidated. [1] [2] [3] [4] [5] [6] [7] [8] [9] The present paper reports the nucleotide sequence of wheat germ phenylalanine tRNA (tRNAPhe). This sequence was determined to provide information on the variability of an amino acid-specific tRNA between widely different biological species Wheat germ tRNAPh, was selected for study because wheat germ is a rich source of crude tRNA,'I from which tRNAPhe is readily purified, and because the sequence of yeast tRNAPhe was already known. 5 Figure 1 . Since the amount of tRNA chromatographed exceeded the column capacity, most of the tRNA simply ran through; however, the tRNAPhO was quantitatively retained. Most of the retained tRNA was then eluted with low salt, and the tRNAPhe was then eluted with high salt. This simple procedure permitted the 10-to 15-fold purification of relatively large amounts of tRNAPhe.
Reversed-phase (Freon) chromatography: The elution pattern of wheat germ tRNA on reversed-phase (Freon) column chromatography" is shown in Figure 2 . Under these conditions, tRNAPhe was eluted later than most other tRNA's and therefore this procedure seemed suitable as a second step in a chromatographic purification scheme of tRNAPhe. Figure 3 shows the elution profile of enriched tRNAPhe (from the BD-cellulose column) on reversed-phase (Freon) chromatography.
The purified tRNAPhe obtained by this two-step chromatographic procedure' was judged to be at least 90% pure, based on the absence of extraneous oligonucleotides upon complete RNase T, digestion of tRNAPhe.
Results and Discussion. Seven of the 13 changes in double-stranded regions involve nucleotides in the acceptor stem (at the top in Fig. 4 ). Four nucleotide changes are located in the stem supporting the T4VCG loop and two in the stem supporting the anticodon loop. The nucleotide changes in double-stranded regions allow, in all cases but one, the formation of new hydrogen-bonded base pairs. This constitutes strong additional support for the cloverleaf model, for if base pairing as shown in the cloverleaf model were not a consequence of primary structure, there would be no reason why a mutation in DNA giving rise to one changed base in tRNA should nearly always be accompanied by a second mutation at a different locus.
tRNAPhe's from yeast and wheat germ contain 20 base pairs in doublestranded regions; the two tRNA's differ in six of these base pairs. In both tRNAPhe's there are two opposing residues in the double-stranded region of the stem which cannot form conventional Watson-Crick base pairs. In yeast tRNAPhe these residues are G and U; in wheat germ tRNAPhe they are G and A.
VOL. 62, 1969 However, the non-hydrogen-bonded nucleotides do not occur in homologous positions in the stems of the two tRNA's. The occurrence of G and A as opposing bases in the stem is so far unique among tRNA structures. The other base changes involve the modification of nucleotides in homologous positions. Thus wheat germ tRNAPh, contains diHU'8 instead of U as the nucleotide 3' to 7MeG, and cytidine rather than 5-methylcytidine in the doublestranded stem of the anticodon loop. There is no 5-methylcytidine in wheat germ tRNAPhe; however, this minor nucleoside occurs twice in yeast tRNAPhe. Both tRNA's contain an unidentified fluorescent nucleoside5 13 in the first position to the right of the anticodon. Ultraviolet spectra of these two residues are quite similar,5 13 as are fluorescence spectra of the two tRNA's;'6 however, chromatography of the fluorescent bases after their release from the tRNA's by mild acid hydrolysis' indicates a difference between them (Doju Yoshikami, personal communication).
In general, the single-stranded regions of the three major loops are identical in yeast and wheat germ tRNAPhe. A segment 19 nucleotides long, including the complete dihydrouridine-containing loop and its supporting stem, is identical in the two tRNA's. Minor bases in this region are diHU, 2MeG, and diMeG. In the anticodon loop, ignoring the minor differences between Y and Yw, and cytidine and 5-methylcytidine, there is a sequence of 15 identical nucleotides, including the anticodon 2'OMeG-A-A-as well as the minor nucleosides 2'OMeC, 2'OMeG, and yt. The T-4t-C-G-containing loop again includes a long sequence of identical residues, 13 nucleotides in length, which contains the minor bases ribothymidine, ,6, and 1-methyladenosine. The only nucleotides in the stem which are the same are in the three terminal base pairs and in the G-A-C-C-A acceptor end, common to many tRNA's.
Comparison of the sequences of a rat liver tRNASer and a yeast tRNAser has given results extremely similar to those presented above.9 Approximately 80 per cent of the residues in the two serine tRNA's are identical and all changes in which major nucleotides replaced one another occurred in double-stranded regions.
Finally, it is extremely interesting to note that the diHU loop with its stem is the only major region in which there are no nucleotide changes either in the two phenylalanine tRNA's or the two serine tRNA's. This suggests the possibility that this region plays a role in synthetase recognition.
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